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Geophysical Surveys

Geophysical surveys efficiently map seabed morphology and sub-bottom stratigraphy, often
resulting in substantial project cast savings. Remuole sansing systems utilized by our gdalogis[ﬂ
and geophysicists include: seismic reflection and refraction sub-bottom  profilers - ground
penetrating radar - side scan sonar - marine magnatometer - video supported ROV
Representative applications of geophysical surveyings include:

Remediation studies

High-resolulion  side scan sonar suwveys were
canducted to monitor for bentonite releases during
direciional drilling operations. Repetitive side scan
sonat and hydrographic cross-secltional sunveys
are pedurmed over the locafion of the drill bit
during drilling operations.  The sonar image to the
left shows a release of benfonite, which resulted in
an irmmadiale cessation of driffing.

Borrow site investigations

Geophysical  surveys  supporting  borrow  site
mvestigations often include subbaltom profiling. At
the Timbalier island sites. magnelomeler data were
colfected fo identify pipslines and other ferrous
obfects that are present in the candidale borrow
sites.

Pipeline and cable route investigations
Sub-boffom profiling supporting dredging and linear
sifing  projects  provide  regional  subsurface
information that is used fo strategically identify core
and boring locations. The use of the geophysical
dala affords a more comprahensive understanding
of the focal geological ernvironment  than
geotechnical samples alone can provide.

Marine terminal design

Comprehensive maring geophysical surveys for
marine lerrinal dasign inciude magnetic surveys o
identify pipelines, cables and remnant structures
fram older faciliies. (The lower lefl anomaly is from
an existing operational structure while the anomaly
in the upper right is refated to fthe remainz of an
older removed structura).

Cicean Surveys, inc, - 91 Sheflield Street - Old Saybrook, Connacticut 08475
phone BE-38E-48131 - fax AEIFIHB-50TY - wwnw 0ceansunveys. com
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Hydrographic Surveys

Automated hydregraphic surveys precissly charl underwater topography. OSI employs the
following technologies for this purpose: GPS vessel positioning - computerized navigation and
data logging - single and dual frequancy depth sounding - multibeam sonar - towed sea sled
profiling. Representative hydrographic surveys include;

Lake Chesdin, Petersburg, Virginia

Ocean Surveys performed an extensive hydrographic survey of | ske
Chesdin, lovaled on the Appomattox River near the Cily of
Pelersburg, VA, OS] utilized a DGPS controlled hydragraphic survey
vessel, equipped with a single-beam digital depth sounder, and
computer nawgalion and data logging system. A total of 500 survey
transacts warg run to generale capacily computations accurale o
wertbuire 3-494.

Detroit River Rock Cut Inspection — Detroit, Ml

For the Detroit District of the US Amry Corps of Engincers, Qcean
Surveys performed 8 muitibeam hydrographic survey in the Detroit
River. The objeclive of the survey was to inspect the side walls of the
rack cul channel and identify pisces of rock which had falien from the
wealls and became obsiructions to navigation,

Winyah Bay Entrance - Georgetown, SC

During the period October 1599 Qetober 2007, Ocean Survays
provided the National Oceanic & Atmospheric Administration (NOAA}
with multibeam hydrographic and side scan sonar surveying services
to support NOAA coastal charling responsibilifies throughout the
sautheast United States. Under this contract, O85! surveyed a 5 x &
mife area adfacent fo Winyah Bay Entrance, South Carolina.
Following complstion of this delivery order, Ocean Surveys was
awardad an overall rating of “Excellent.”

Mackinac Bridge — Straits of Mackinac, Ml

The Mackinac Bridge, consfructed during 1954-57 iz the ninth largest
suspension bridge in the word. 1 has a tolal fength of five miles and
a main span of 3800 feet. In Sepfember 2000, Ocaan Survays, Inc.
(OE conducted a muliibeam hydrographic survey araund Wity (30}
Mackinac Bridge piars to detarmine waler depth and scour activity.

Lake Michigan - W1 & MI

As part of a Detroit District program o periodically evaluate the
condiion of shorefline protection siructures, OS5 was contracted to
conduct multibeam surveys of a total of eleven breakwaters along the
shores of Lake Michigan in both Wisconsin and Michigan. The
spacific  objactives  were fo idenfify structural fadures in the
breakwalers and srosional features. which might indicate a risk to
their stabifity, Ocean Surveys’ performance on this contract resulted
in an ACASS raling of “excelfant.”

Oeean Surveys, Inc. - 91 Sheflield Strest - Old Saybrook, Connacticut 08475
phong BEE3RE-3E1T - fax BEIRIHE-SHTY  wiwrw 0Ceansunveys. com
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Oceanographic Monitoring

Ccean Surveys' diversified inventory of oceanographic and environmental instrumentation
enables us to respond rapidly to clien! requirements.  We routinely moniter: current velocity -
wave height and direclion - waler level and tide - dissolved oxygen - conductivity and salinity -
temparature - pH - lubidiy - surface and bottom dnft - wind velocity - barometric pressure
Reprasentative ooeanographic monitoring projects include:

Dye Dilution Study — Alexandria, Egypt

As part of a yeardong mullidiscipinary program, Ocean Surveys
conducted a dye dilution sludy in the Mediterranean Sca off
Alexandria, Egypt. The survey consisted of a 12-hour batch rolcase
of fluorescent dye info the 1 bifion gallon per day discharge, followed
by five daily plume mappings fo document the temporal and spatial
movements of the dye plume. The dals were used by Metcalt & Eddy
International, Inc. as inpud for their numerical modeling pragram to
assess the suitability of fthe local Mediterransan Sea as receiving
water for a proposed wastewaler autfall,

Thermal Plume Mapping — Bridgeport, CT

Ocean Surveys performed a detailed field investigation ta determina
the location and extent of the discharge plume emanafing from Tha
Bridgeport Energy Power Generating Station. OS5l installed in sifu
nstruments to document the varying currents. waler efevalion, and
water femperatures and conducted six synopfic thermal mappings
timed fo coincide with the occurrence of significant tidal flow
conditions at the profect site.  Bridgeport Energy, LLC wsed the
resulting data set fo create a dynamic model of the plume for use in
their discharge permit rencwal application,

Current & Wave Monitoring — South Riding Point, Bahamas

Ocean Surveys conducted an oceanographic and atmospheric data
colfection program i suppoart of El Paso Energy’s enginesting
analysis of a proposed LNG lerminal. Using state-of-the-art Doppler
techinofogy, Ocean Surveys collected & witle varisty of data for the
project including: 90 days of Acoustic Doppler Current Profiler
(ADCPR) current velocily and directional wave data, 90 days of
meteorofogical data, twa 13-hour tidal cycle CTD density structure
mappings, and one 13-hour vessel-mounlfed ADCP currerit veloory

mapping.

- Ocean Outfall Monitoring — Ponce, PR
As part of an ongoing study, Ocean Surveys provides waler guality
maonitoring services to Malcolm Pimie, Inc. in suppord of their 301(h)
Waivar and Mixing Zone Valigation Study offshore of Ponce, PR.
Services  routingly  provided include:  ‘clean  fechniques” waler
sampling  using  hyper-accurate  underwater npavigation systems,
ADCP curren! velocily monitoring, CTD vertical profiling, benthic
sediment grab sampling, and ROV pipaline inspection.  The Malcofm
FPirnie/Ccean Surveys effort is aimed al securing & parmanent 301(h)
waiver for the FPonce outfall,

Coean Surveys, Inc. - 81 Sheffield Strect - Old Saybrook, Connecticut 08475
phone 860-385-45631 - fax 860-388-5879 - www.0Ceansurveys, com



Benthic Habitat Delineation — Dorado PR

QOcean Surveys mapped the warious benthic habitats in the
vicinity of a proposed acean owifall off Dorado, PR in support of
Black and Veatch, Inc's 301 (h) waiver program. Using a
variety of remote sensing and real-time data  collection
techniques including side scan sonar mapping, underwater
videography, diver reconnaissancs, diver guadrat surveys, as
well as sampling of plankion, demersal finfish, and benthic
arganisms,. 0S| documeanled both the benthic habitats present in
the area and the biological community assemblages present in
each habitat unit. Addilionally, the ambient current regime was
documented with several ADCPs and drogues.

Benthic Habitat Delineation — Norwalk, CT

Oecean Surveys mapped the various benthic habitats along the
Connecticut Light and Power Company's sub-sea cable corridar
off Morwalk, CT.  Using a variety of remote sensing and real-
tme daia colection iechnigues including side scan sonar
mapping, underwater videography, benthic sediment grabs,
diver reconnaissance, diver quadrat surveys, and  wvisual
intertidal inspection, 0S| documented the benthic habitats
present in the area as well as the biological community
assemblages present in each habitat unit.  Additionally ©SI
identified and enumerated commercially important shellfish
popuiations present in order o further document potential
impacts of the proposed cable replacement.

Directional Drill Monitoring — Pismo Beach, CA

lyoco Submarine Systems landed three trans-Pacific fiber optic
cables using horizontal directional drilling at Pismo Beach, CaA
with the benefit of O3I's bentonite release monitoring system.
Using customized remote sensing technigues, Ocean Surveys
helped Tyco satisty California State permit reguirements for
undersea directional driling, The Ocean Surveys field team
detected bentonite drilling fluid releases in real tme, which
allowed Tyco to immediately take corrective action resulting in
greatly reducing impact to the benthic ecosystem and
minimizing project costs..

Riverbed Monitoring — Green Bay, Wi

Working in Operating Unit 3 {OU-3) on the Fox River, Ocean
Surveys completed a 3-month precision current velocity and
sadiment bed load monitoring program. OS5 deployed two
diver-installed monitoring  stations on  the riverbed cach
consisting of Sonlek Acoustic Doppler Velocimeters (ADY),
OBS turbidity sensors, and sediment bed load traps. Data from
the project were used lo calibrate models of contaminated
sediment movemeant through QOL-3.
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Remotely Operated Vehicle

Augmenting our core group of services, Ccean Surveys also parforms underwater inspections
using a Remotely Operated Vehicle (ROV), Applications of Remotely Operated Vehicles include:
inspection of underwater structures - marine archasological investigations - benthic habitat
dacumentation.

Deep Ocean Engineering Phantom HD2

The Deep Ooean Engineering Fhantom HDZ2 /s a
48 fiohtweigh!, vel exiremely capable ROV system featuring
fasar ruters, sediment blasters and cofor video, It afso
accommodales varows mampulators and sonars alfowing
coffection of precise dala to a depth of 1.000 feet {300
metars).  Underwater videography s collscted using the
Phantom's hudif-in wide-angle color camera. Al video data
is recorded and displayed in real lime on a color monior
onboard the survey vessel

Benthic Habitat Documentation

OS! often wtilizes ROV underwaler videography in concert
with a wvariely of remofe sensing and real-lime  dats
colfection techniques including side scan sonar mapping
benthic sediment grabs, and diver guadral surveys o
document benthic habitat.  Benthic studies  lypically
document the habitals as well as the biological community
assemblages present within each habital unil.

Target Identification (Marine Archaeology)

During side scan sonar and marine magnetometer surveys
it is sometimes necessary fo perdform video inspection of
recorded unidentified targats. Offen fimes, consirainls such
as water depths, strong currents, and limifed time protibil
the use of divers fo perform the inspection. The Remuolaly
Operated Vehicle provides an ideal resowrce for vessel
controfled video documentafion during these
circumstances.

Underwater Structure Inspection

As part of an ongoing study, Ocean Surveys provided water
guality moniforing services fo suppart & 301(h) Waiver and
Mixing Zone Validation Study offshore Pones, PR QS1
employed the ROV fo coflect video data along the entire
fength of the outfall structure, paying padicular aftention to
the six diffuscr risers and the manways aslong the lenglh of
the pipe. O8l's underwater navigafion system merged with
the wvehicle's intormal fluid gimbled fuxgale compass
provided extremely accurate sub-mefer positioning during
alf phases of ROV operations.

Deean Surveys, ing, - 91 Sheffield Street - Old Saybroak, Connecticut 065475
phone B60-385-4831 - fax BE0-388-5879 - www DCBHANKLNVEYS . 00 :
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Sediment Sampling and Imagery

Ovean Surveys provides vibratory, gravity and piston coting services to obtain continuous
samples of unconsolidated sediment. All field personnel have 40-hour OSHA Hesith and Safety
certification for sampling operations invelving hazardous materials.,

Shallow Water Coring Platforms

Fhe image at left depicls QOcean Surveys' 38" x 16 pontfon bost
glongside a 207 support vessel. "Canau” features scctions which fold up
for trafering, 3 4 x° & moon pool through which sampling o
measurement equipment are lowered. and a tower assembly fo
handling wvibrafory corers and oiher devices. "Candu” is capable of 15
knot speed and has a 75mile operating range. OS5I also owns fwo
smaller shallow waler pontoon boals for sediment core sampling.
These platforms measure 28" x 8" and 24" x 8, respectively.

OSHA 40-hour Health & Safety Certification

This photograph was faken during a project requiring OSHA. Modified
Level O Health & Safely protocol. Al OS5 field personned have d40-hour
Health & Safety ceddification. The operators are in the process of
removing a sediment core sample contained within a Lexan tube from
i the core barrel housing. The image at feft shows the working platform
§ aboard "Candu.” The hinged side scctions are clearly visible.

Correlating Physical and Remaote Sensing Data

The image af left is from the Boslon Harbor Navigation Improvement
Project — & US Army Corps of Enginesrs funded program involving
1 moniforing and improving the use of Contained Aguatic Disposal {CAD)
cells as an alfermalive lor conlaminaled sedimeant management
2 Following survey and caring operalions. pholographs of the split core
samples were supermposed on the seismic reflection record {o further
' identify the thicknass of the placed sand cap overlying the contaminated
dredged material.

Sediment Profile Imaging
Ocean Surveys employs a Sediment Profile Imaging [SP1) Camers
during projects requiring the documentation of benthic habital within tha
upper Z20cm of sediment.  Ih operation, the cameara iz lowared o fhe
- bottom and Is externally triggered upon contact, releasing the prism
. housing and camera, which penctrate into the sediment. The knife-like
edge on the boftom of the prism combined with the weight of the
camera alffows the prism to cut a vertical slice into the upper sediments

Dizean Surveys, Ing, - 91 Shefficld Strect - Old Saybrook, Conneclicut 05475
phane 860-388 4631 - fax BOO-382-0870 - wiww.CCRaNSUrveys.ouim
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Marine and Freshwater Site Surveys

Ocean Surveys, Inc. (OS1) was founded in 1965 to provide industry and government with the
technical expertise to acquire and interpret scientific data rom both marne and freshwater
environments. Company headquartars and O3I's Eastarn Regional headquarters are located in
Old Saybrook, Connecticut. A Midwest office is located in Northbrook, 1L, and a Southeast office
Is located in the Research and Technology Park on the campus of the University of New Orleans.

Hydrography

Automated  hydrographic  surveys  precisely  chant  underwater
topography. OS5 employs the following technologies for this purpose:
GPS vessel positioning - computerized navigalion and data fogging -
singfe and dual frequency depth sounding - mullibaam sonar - towed
sea sled profifing.

Geophysics

Geophysical suwveys efffciently map seabed morphology and sub
bottom stratigraphy, often resulling in substantial project cost savings.
Remofe sensing syslems ulilized by our geologists and geophysicists
include: seismic reflection and refraction sub-bottorn profilars - ground
penefrating radar - side scan sonar - maring magnetomsier,

Coring & Sediment Sampling

Ccean Surveys provides vibratary, gravify and pisfon coring services fo
obtain continuous samples of unconsofidated sediment AR feld
personnel have 40-houwr OSHA Health and Safely cedification for
sampling operatfons involving hazardous materials.

Oceanography & Limnology

Ocean Surveys’ diversified inventory of oceanographic  and
environmental instrumentation enables us to respond rapidly to client
requirements. We routinely monitor: current velocity - wave height and
direction - water level and fide - dissolved oxygen - conductivity and
salinity - temperaiure - pH - turbidiy - surface and bofforn drifi - wind
velocity « baromelric pressure,

Remotely Operated Vehicle Inspection

Augmenting our core group of services, OS5 also performs underwater
inspections using a Remofefy Qperated Vehicle (ROV), the Deep
Ocean Engineering Phantom HODZ2 Tha HDZ2 js a lightweight. yet
extremely capable ROV system fealuring laser rufers, sediment blasters
and color video.

Dccan Surveys, Inc, - 91 Sheflield Street - Old Saybrook, Connacticut 08475
phone 860-358-4631 « fax B60-388-5879 - www noeansurays. com
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R.J. Diaz & Daughters

6198 Driftwood Lane

Ware Neck, VA 23178
804 815-2252

August 15, 2005

To: Tim lannuzzi
From: Robert J. Diaz, President

I am providing this information in response to your quire to sediment profile imaging in Newark
Bay.

R.J. Diaz & Daughters is a small minority owned business that specializes in environmental
assessment in estuarine and marine systems, from intertidal to deep channel to coastal habitats
(http://www.courses.vcu.edu/ENG-esh/). We have extensive experience monitoring
environmental effects and changes in benthic habitats, especially disturbance related to channel
dredging activities, and in assessing and mapping relative resource value of benthic habitats. We
have developed specialized techniques for rapid turn-around of benthic impact assessments,
including the collection and interpretation of data using sediment profile and surface cameras.
Additionally, R.J. Diaz & Daughters has been instrumental in the development of color image
analysis techniques for sediment profile images and small lightweight camera systems. We have
developed methods for evaluating benthic habitat quality and changes to the resource value of
benthic habitats and for mapping biological and geological gradients.

(1) Experience in conducting SPI surveys at dredged material disposal sites:

Listed are major projects involving dredged material and SPI. Points of contact are given at the
end of each study:

Benthic habitat classification of potential open water disposal areas in Narragansett Bay,
Rhode Island. P.I. and principle author of interpretive report for a sediment profile image (SPI)
survey to characterize benthic habitats in 21 areas of Narragansett Bay and the Providence River
selected by the New England Corps of Engineers as possible or existing disposal areas. The
classification of stations into habitats was done "blind" without regard for area or station location
prior to analysis. Initially, all images were evaluated and a basic habitat classification set-up.
Four basic habitats with a total of nine subhabitat types were defined. A total of 211 stations
were classified into the nine-habitat/subhabitat categories.

For New England District via Normandeau Assoc, Ann Pembroke (603) 472-5191 x169

Sediment profile camera reconnaissance of benthic habitats at a Cape Cod Bay disposal
site. P.I. responsible for a SPI camera survey of an open water disposal site in Cape Cod Bay to
document existing conditions and authored an interpretive report on existing conditions and
long-term changes. Benthic habitats within the disposal area were compared to previous surveys
and found to be similar in physical and biological properties between 1985 and 1994, based on
sediment profile camera surveys. The benthic habitat quality present at the disposal site
appeared to be very high. The general benthic habitat conditions may have actually improved



from 1985 to 1994. Average Organism Sediment Index and successional stage were higher in
1994 than 1985. The depth of the Macrofaunal Activity Zone, an indication of the layer of
sediment that is actively mixed by the infauna, was about 10 cm. This would indicate that
disposal of any contaminated material at the site would have to be thickly capped to prevent
mobilization of contaminants.

For New England COE, DAMOS via ENSR, James Blake, (508) 457-7900 x222,
JBlake@ensr.com

Benthic Habitat Mapping of NJ/NY estuarine and coastal areas using sediment profile
cameras for formulation of long-term dredged material disposal plans. P.I. for SPI camera
surveys that included over 700 stations in the estuarine and coastal areas around Raritan, Upper,
Lower, Newark, and many other small bays in the region. In charge of image analysis and
interpretation. The goal of these surveys was to document existing benthic habitat conditions
and provide detailed maps delineating benthic habitats. Based on analysis of the sediment
profile camera data the benthic habitats in the region were diverse and range from low dissolved
oxygen stressed to well-developed successional stage 111 communities. Based on the SPI and
benthic data habitat maps were generated using GIS and criteria developed for assessing
suitability of an area as a potential disposal site.

NOAA, Coastal Services Center, Charleston, SC, Pace Wilber, (843) 740-1234

Sediment profile camera surveys of the Gulf of Mexico open water underwater berm
disposal area. P.l. for the sediment profile camera surveys at an underwater berm that was
constructed from dredged material from the deepening of the Mobile ship channel. The berm
was designed to provided subtidal habitat for the areas fisheries resources. Over a period of time
that ranged from during construction to one-year post construction Dr. Diaz, with scientists from
the Waterways Experiment Station, surveyed a series of stations on and around the berm with a
sediment profile camera. A complete analysis of the sediment profile images was done to follow
the recovery of the fauna. Reworking of the dredged material was also followed with the profile
camera. The client then took the data generated and incorporated them into reports on the
impacts of berm construction and on the evaluation of the resource value of the berm. The data
from the sediment profile camera was also used to locate stations for collection of quantitative
macrofaunal samples. Knowing the areas that had different sediment types saved considerable
effort. The spread of dredged material away from the berm was also followed the sediment
profile camera. Impacts on the surrounding communities were estimated from the profile
images.

Waterways Experiment Station, Douglas Clarke, 800 522 6937 13770,
Douglas.G.Clarke@erdc.usace.army.mil

Sediment profile camera surveys of the Galveston Bay open water disposal areas. P.I. for
the sediment profile camera surveys at the open water disposal areas used for the deepening of
the Galveston ship channel. Dr. Diaz, with scientists from the Waterways Experiment Station,
surveyed the sites with a sediment profile camera. A complete analysis of the sediment profile
images was done to follow the recovery of the fauna and reworking of the dredged material. The
data from the sediment profile camera was also used to locate stations for collection of
quantitative macrofaunal samples.



Waterways Experiment Station, Douglas Clarke, 800 522 6937 13770,
Douglas.G.Clarke@erdc.usace.army.mil

Sediment profile camera surveys of the Corpus Christi Bay open water disposal areas. P.l.
for the sediment profile camera surveys at the open water disposal areas used for the deepening
of the Corpus Christi ship channel. Dr. Diaz, with scientists from the Waterways Experiment
Station, surveyed the sites with a sediment profile camera. A complete analysis of the sediment
profile images was done to follow the recovery of the fauna and reworking of the dredged
material. The data from the sediment profile camera was also used to locate stations for
collection of quantitative macrofaunal samples.

Waterways Experiment Station, Douglas Clarke, 800 522 6937 13770,
Douglas.G.Clarke@erdc.usace.army.mil

Settlement of hopper overflow from test channel dredging operations in Delaware Bay. P.I.
and principal author of interpretive report on thin-layers of sediment resulting from hopper
dredge overflow. Dr. Diaz used SPI to detect the deposition of thin layers of dredged material
from barge overflow operations at two area in Delaware Bay. Results indicated the lower bay
site (LB) was more physically accommodated than the upper bay site (UB), which was more
biologically accommodated. There was evidence that recent physical disturbance had occurred
at several of the LS stations possibly from the dredging operations. Gray colored suspended
material, indicative of hopper overflow material, was also observed at two stations. In the US
area no evidence of recent physical disturbance was detected at any of the stations, but material
that could have come from the hopper overflow was observed at one station. Evidence of
hydrocarbon contamination was seen at one UB station in the form of “Oil Spots”. Diaz et al.
(1993, citation in SPI related section) found that sediments containing high concentrations of
hydrocarbons had a unique signature in the SPI images and that this signature was significantly
related to the occurrence of hydrocarbons.

For Philadelphia District COE via Versar, William Burton, (410) 740-6086,
burtonwil@versar.com

Chesapeake Bay/Baltimore channel deepening impacts. P.I. and principal author of
interpretive report of this field project, which was a multi-disciplinary program designed to
collect data for: 1. Determining the most environmentally suitable locations for placement of
dredged material from the deepening of the main ship channel to Baltimore. 2. Evaluation of
acute impacts from disposal. 3. Follow long-term recovery of benthic resources. An extensive
database on benthic habitat characteristics, benthic community structure, and fish habitat
utilization was collected from the main stem of the Bay. This project was funded at a level of
about one million dollars and spanned a period of 10 years with close to a thousand box-core
samples and over 5,000 SPI images collected.

Baltimore District, COE, Robert Blama, 410 962-6068,
robert.n.blama@nab02.usace.army.mil

Anacostia River active capping technology monitoring. P.l. and principal author of
interpretive report of this field project to monitor the performance of new innovative capping and
in-situ treatment technologies. The Hazardous Substance Research Center/South and Southwest
(HSRC) at Louisiana State University, is conducting comparative validation of innovative



“active capping” technologies in the Anacostia River, Washington D.C. The goal of the cap is to
ensure contaminants that migrate through the cap are absorbed, chemically bound, or degraded
and not released into the water column. Three areas in the Anacostia River have been selected
for the field demonstration with SPI used to assess cap thickness and integrity.

For Navy/EPA via Battelle, Andrew Bullard, bullarda@battelle.org

Benthic sampling of the nearshore area off Brunswick Harbor, Georgia. P.l. of SPI
component and principal author of interpretive report. This study documented and mapped
broad-scale benthic habitat conditions in and around potential open-water disposal sites.

For Savannah District COE via Barry A. Vittor and Associates, Mobile AL, Barry Vittor,
(251) 633-6100

SPI Survey of Boston Harbor Navigational Improvement Project Confined Aquatic
Disposal (CAD) Cells. P.1. responsible for a SPI camera survey of eight CAD cells in the Boston
Harbor area and principal author of the interpretive report. Four years after the CAD cells were
capped physical properties of the surface sediments may have reverted to background conditions
with the apparent disappearance of the sand cap material. Geochemical properties appear to
have remained the same with sediment color and apparent color RPD layer depth relatively
similar between years. Benthos appear to still be in a recolonizing phase, which is likely related
to the physically stressful nature of area within which the CAD cells are located.

For New England COE, DAMOS, via ENSR, James Blake, (508) 457-7900 x222,
JBlake@ensr.com

Dredged material disposal site evaluation, SPI survey of Areas E and W, Rhode Island
Sound. P.1. responsible for fieldwork to collect sediment profile camera images, analysis and
interpretation of data, and writing the interpretive report. Data from multi-beam acoustics were
incorporated in the interpretation of habitat conditions. The general sedimentary characteristics
of Area E and W were similar with large patches of coarse sediments surrounded by finer
sediments. Sediment types ranged from cobble to fine-sand with some silt at both Areas.
Sediments at both Areas also had a similar sediment fabric with most finer sediment stations
dominated by biological processes. Area E showed no signs of sediment layering. But in Area
W two stations (W15 and W17) had thin layers of finer sediments that could have been related to
recent sediment disturbance. In August 2003, Area E and to a lesser degree Area W appeared to
be dominated by biological processes with biogenic features such as feeding pit and defecation
mounds common. Biogenic activity of advance successional Stage 111 communities was a
predominant factor in structuring both surface and subsurface sediments in Area E. Area W
fauna appear to be advancing successionally relative to previous years. It did not appear that
sediments at any station in Area E or W were impacted by organic enrichment. Sediments
underlying the apparent color RPD layer were light gray in color. Overall, benthic habitat
conditions at both Area E and W, as measured by the OSI and other SPI parameters, appeared to
be good with the only signs of stress to the benthos being physical forces such as sediment
instability. The apparent high quality of the benthic habitats was primarily a function of the deep
dwelling infuana and their associated biogenic activities. Benthic habitats in Area E appeared to
have higher quality compared to those in Area W.

Corps of Engineers, New England Division, Concord, MA, Michael Keegan, (978) 318-8220



(2) Published studies of marine benthic community dynamics and the response of benthic
communities to the habitat change resulting from dredged material disposal and other forms of
disturbance:

Dredging Related:

Diaz, R. J., G. R. Cutter, Jr. and C. H. Hobbs. 2004. Potential impacts of sand mining offshore of
Maryland and Delaware: Part 2 —biological considerations. Journal of Coastal Research.
20:61-69.

Clarke, D., R.J. Diaz and R. Blama. 2003. Monitoring dispersion of dredged material following
riverine deep trough disposal. Proceedings Dredging *02. Am. Soc. Civil Engin.

Nichols, M.M., R.J. Diaz and L.C. Schaffner. 1990. Effects of hopper dredging and sediment
dispersion, Chesapeake Bay. Environ. Geol. Water Sci. 15:31-43.

SPI Related:

Diaz, R.J., L.J. Hannsson, R. Rosenberg, P. Gapcynski and M. Unger. 1993. Rapid assessment
of sedimentological and biological characteristics of a hydrocarbon pollution gradient.
Water, Air and Soil Pollution 66:251-266.

Diaz, R. J., G. R. Cutter, Jr. and D. M. Dauer. 2003. A comparison of two methods for estimating
the status of benthic habitat quality in the Virginia Chesapeake Bay. J. Exp. Mar. Biol.
Ecol.371-381.

Rosenberg, R., H.C. Nilsson and R.J. Diaz. 2001. Response of Benthic Fauna and Changing
Sediment Redox Profiles over a Hypoxic Gradient. Estuarine and Coastal Shelf Sci.
53:343-350.

Cutter, R.G. and Diaz, R.J., 2000. Biological alteration of physically structured flood deposits on
the Eel margin, northern California. Continental Shelf Research. 20:235-253.

Diaz, R.J. and G.R. Cutter. 2001. In situ measurement of organism-sediment interaction: rates of
burrow formation/abandonment and sediment oxidation/reduction. p. 19-32. In: Aller,
Aller, and Woodin (eds.), Animal-sediment interactions, University of South Carolina
Press.

Cutter, G.R. and R.J. Diaz. 1998. Novel optical remote sensing and ground-truthing of benthic
habitat using the Burrow-Cutter-Diaz plowing sediment profile camera system (BCD
sled). J. Shellfish Res. 17:1443-1444.

Bonsdorff, E., R.J. Diaz, R. Rosenberg, A. Norkko and G.R. Cutter. 1996. Characterization of
soft-bottom benthic habitats of the Aland Islands, northern Baltic Sea. Mar. Ecol. Prog.
Ser. 142:235-245.

Rosenberg, R. and R.J. Diaz. 1993. Sulphur bacteria (Beggiatoa spp.) mats indicate hypoxic
conditions in the Inner Stockholm Archipelago. Ambio 22:32-36.

Diaz, R.J. and L.C. Schaffner. 1988. Comparison of sediment landscapes in the Chesapeake Bay
as seen by surface and profile imaging. In: M. P. Lynch and E. C. Krome, eds.
Understanding the Estuary; Advances in Chesapeake Bay Research. Chesapeake
Research Consortium Pub. 129, CBP/TRS, pp. 24-88.

Boyer, L.F., R.J. Diaz, and J.D. Hedrick. 1988. Computer image-analysis techniques and video-
sediment-profile camera enhancements provide a unique and quantitative view of life at
or beneath the sediment-water interface. Oceans'88. 2:448-453.



Benthic Related from 1990 to present:

Diaz, R. J., M. Solan, and R. M. Valente. 2004. A review of approaches for classifying benthic
habitats and evaluating habitat quality. Journal of Environmental Management. 73:165—
181.

Diaz, R. J., J. Nestlerode, and M. L. Diaz. 2004. A global perspective on the effects of
eutrophication and hypoxia on aquatic biota. In: Proceedings of the 7th International
Symposium on Fish Physiology, Toxicology, and Water Quality, Tallinn, Estonia, May
12-15, 2003, G. L. Rupp and M. D. White (eds). U.S. Environmental Protection Agency,
Ecosystems Research Division, Athens, Georgia, USA. EPA 600/R-04/049, pp 1-33.

Diaz, R. J. 2004. Biological and physical processes structuring deep-sea surface sediments in the
Scotian and Weddell Seas, Antarctica. Deep-Sea Research 11 51:1515-1532.

Diaz, R. J., G. R. Cutter, Jr. and K. W. Able. 2003. The importance of physical and biogenic
structure to juvenile fishes on the shallow inner continental shelf. Estuaries 26:12-20.

Diaz, R.J. and R. Rosenberg. 2001. Overview of anthropogenically induced hypoxic effects on
marine benthic fauna. P. 129-145. In: N. Rabalias and G. Turner (eds.) Hypoxia and the
Gulf of Mexico, AGU Press.

Diaz, R.J. 2001. Overview of Hypoxia Around the World. J. Environ. Qual. 30:275-281.

Cicchetti, G. and R.J. Diaz. 2000. A dynamic budget model of energy flow from infauna to
nekton in a polyhaline Virginia salt marsh. p. 515-541. In: M.Weinstein and D.A.
Kreeger (eds.) Concepts and Controversies in Tidal Marsh Ecology. Kluwer Academic
Publishers, Dordrecht, Netherlands.

Bartholomew, A., R.J. Diaz and G. Cicchetti. 2000. New dimensionless indices of structural
habitat complexity: predicted and actual effects on a predator’s foraging success. Mar.
Ecol. Prog. Ser. 206:45-58.

Downing, J.A. N.N. Rabalais, R.J. Diaz, R.J. Zimmerman, J.L. Baker and T. Prato. 1999. Gulf of
Mexico hypoxia: Land-sea interactions. Council for Agricultural Science and
Technology, Report No. 134, 44 pp.

Yozzo, D.J. and R.J. Diaz. 1999. Tidal freshwater wetlands: invertebrate diversity, ecology, and
functional significance. p. 889-918. In: D.P. Batzer, R.B. Rader and S.A. Wissinger
(eds.), Invertebrates in Freshwater Wetlands of North America: Ecology and
management. John Wiley & Sons, New York.

Nestlerode, J.A. and R.J. Diaz. 1998. Effects of periodic environmental hypoxia on predation of
a tethered polychaete, Glycera americana: implication for trophic dynamics. Mar. Ecol.
Prog. Ser. 172:185-195.

Weisberg, S.B., J.A. Ranasinghe, D.M. Dauer, L.C. Schaffner, R.J. Diaz and J.B. Frithsen.
1997. An estuarine benthic index of biotic integrity (B-1BI) for Chesapeake Bay.
Estuaries 20:149-158.

Diaz, R.J. and R. Rosenberg. 1996. The Influence of Sediment Quality on Functional Aspects of
Marine Benthic Communities. p. 57-68. In: M. Munawar and G. Dave (eds.).
Development and progress in sediment quality assessment: rationale, challenges,
techniques and strategies. Ecovision World Monograph Series, Academic Publishing,
Amsterdam.

Diaz, R.J. and R. Rosenberg. 1995 Marine benthic hypoxia: a review of its ecological effects
and the behavioural responses of benthic macrofauna. Oceanogr. Mar. Biol. Ann. Rev.
33:245-303.



Diaz, R.J., G.R. Cutter and D.C. Rhoads. 1994. The importance of bioturbation to continental
slope sediment structure and benthic processes off Cape Hatteras, North Carolina. Deep-
Sea Research 11 41:719-734.

Llanso, R.J. and R.J. Diaz. 1994. Tolerance to low dissolved oxygen by the tubicolous
polychaete Loimia medusa. J. Mar. Biol. Ass. U. K. 74:143-148.

Diaz, R.J. and C. Erséus. 1994. Habitat preferences and species associations of shallow-water
marine Tubificidae (Oligochaeta) from the barrier reef ecosystems off Belize, Central
America. Hydrobiologia 278:93-105.

Diaz, R.J. 1994. Response of tidal freshwater macrobenthos to sediment disturbance.
Hydrobiologia 278:201-212.

Olsen, C.R,, I.L. Larsen, P.J. Mulholland, K.L. VonDamm, J.M. Grebmeier, L.C. Schaffner, R.J.
Diaz, and M.M. Nichols. 1993. The concept of an equilibrium surface applied to particle
sources and contaminant distributions in estuarine sediments. Estuaries 16:683-696.

Diaz, R.J. 1992. Ecosystem assessment using estuarine and marine benthic community
structure. In: A. Burton (ed.), Contaminated Sediment Toxicity Assessment. Lewis
Publ., Boca Raton. pp. 67-85.

Diaz, R.J., R.J. Neubauer, L.C. Schaffner, L. Phil and S.P. Baden. 1992. Continuous monitoring
of dissolved oxygen in an estuary experiencing periodic hypoxia and the effect of
hypoxia on macrobenthos and fish. Sci. Total Environ. Supplement 1992:1055-1068.

Schaffner, L.C., P. Jonsson, R.J. Diaz, R. Rosenberg, S. Blomquist and P. Gapcynski. 1992.
Benthic communities and bioturbation history of estuarine and coastal systems: Effects of
hypoxia and anoxia. Sci. Total Environ. Supplement 1992:1001-1016.

Phil, L., S.P. Baden, R.J. Diaz and L.C. Schaffner. 1992. Hypoxia-induced structural changes in
the diet of bottom feeding fish and crustacea. Mar. Biol. 112:349-361.

Phil, L., S.P. Baden and R.J. Diaz. 1991. Effects of periodic hypoxia on distribution of demersal
fish and crustaceans. Mar. Biol. 108:349-360.

Orth, R.J., K. Heck and R.J. Diaz. 1991. Littoral and intertidal systems of the mid-Atlantic
coast of the United States. In: P. Nienhuis (ed.), Ecosystems of the world - intertidal and
littoral systems of the world. Elsevier, The Netherlands.

Luckenbach, M.W., R.J. Diaz, E.C. Zobrist and C.H. Hutton. 1990. Evaluation of the benthic
resource value of impounded and non-impounded tidal creeks in Virginia, USA. Ocean
Shoreline Management 14:35-50.

Diaz, R.J. and L.C. Schaffner. 1990. The functional role of estuarine benthos. p. 25-56. In: M.
Haire and E.C. Krome (eds.). Perspectives on the Chesapeake Bay, 1990. Advances in
estuarine sciences. Chesapeake Research Consortium, Gloucester Pt., Virginia. Rpt. No.
CBP/TRS41/90.

Fredette, T.J., R.J. Diaz, J. vanMontfrans and R.J. Orth. 1990. Secondary production within a
sea grass (Zostera marina - Ruppia maritima) bed in lower Chesapeake Bay. Estuaries
13:431-440.
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Project Experience

Dr. Diaz has over 35 years of experience working with marine, estuarine, and tidal freshwater benthic communities.
He has specialized in the assessment of change, both natural and anthroprogenic, to systems and has developed
several nationally used methods for evaluating benthic habitats and identifying benthic resource value. He is also
internationally recognized as an expert in benthic habitat assessment and interpretation of sediment profile camera
images. He has extensive field experience, along the Atlantic and Gulf of Mexico coasts monitoring and
documenting environmental effects and impacts from; dredging and dredged material disposal, contaminated
sediments, both hydrocarbons and heavy metals, and eutrophication and low dissolved oxygen. His experience
spans all habitat types form the intertidal to the deep-sea. He worked closely with Corps personnel, both form the
New York District and Waterways Experiment Stations, to collect and interpret much of the preliminary data for
dredging activities around New York City.

Dr. Diaz has worked with ENSR scientists on many projects in the northeast region, including Corps of Engineers
DAMOS Projects, the MWRA long-term monitoring of Boston Harbor and Mass. Bay, and pipeline projects in New
York and Connecticut. He was also the principal scientist responsible for interpretation of effects on the benthos of
the Cross Sound Cable, Long Island Sound, and the HubL.ine pipeline and Northeast Gateway Project in the Boston
area.
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M. D. White (eds). U.S. Environmental Protection Agency, Ecosystems Research Division,
Athens, Georgia, USA. EPA 600/R-04/049, pp 1-33.

Howe, J. A., T. M. Shimmield and R. Diaz. 2004. Deep-water sedimentary environments of the
northwestern Weddell Sea and South Sandwich Islands, Antarctica. Deep-Sea Research 11
51:1489-1514.

Diaz, R. J. 2004. Biological and physical processes structuring deep-sea surface sediments in the Scotian
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